Chitinase production by a terrestrial Streptomyces sp. ANU 6277 was studied under sub-merged fermentation. Chitinase production started after 24 h of incubation and reached maximum levels after 60 h of cultivation. A high level of chitinase activity was observed in the culture medium with pH 6 at 35 o C.
INTRODUCTION
Actinomycetes, particularly Streptomyces spp. have been a widely exploited group of microorganisms in the production of secondary metabolites and enzymes of commercial importance in medical and agricultural applications (11) .
Several chitinolytic enzymes have been identified in several Streptomyces spp. including S. antibioticus, S. griseus, S. plicatus, S. lividans, S. aureofaciens and S.
halstedii (21, 9) . Chitinase has received attention due to its use as a biocontrol agent (14, 25) and also for developing transgenic plants (3) . They have been used in a biological research for the generation of fungal protoplasts to degrade the fungal cell wall and also for being employed in human health care such as making ophthalmic preparations with chitinases (4) . An actinomycete strain isolated from laterite soils of Acharya Nagarjuna University campus was identified by 16S rRNA analysis and designated as Streptomyces sp.
ANU 6277. The taxonomic study of the strain which was reported previously (15) showed that it was closely related to the Streptomyces albidoflavus cluster. In the present study, an attempt was made to optimize the culture conditions for the production of chitinase by the strain and its characterization.
MATERIALS AND METHODS
A pure culture of the strain, Streptomyces sp. ANU 6277 was maintained on a yeast extract-malt extractdextrose agar (ISP-2) medium. Colloidal chitin was prepared according to the method described by Sandhya et al. (20) . For every 12 h intervals up to 84 h, a culture filtrate was collected and used as an enzyme source. The harvested cells attained through the filtration were used for biomass estimation which was determined by the cell-dry-weight.
Chitinase assay
Extracellular chitinase activity was determined by incubating 1 ml of crude enzyme with 1 ml of 1% colloidal chitin in a 0.05M phosphate buffer, pH 7.0 at 35 o C for 1 h.
After centrifugation of reaction mixture, the amount of Nacetyl-D-glucosamine released in the supernatant was determined by the method of Reissig et al., (19) using Nacetyl-D-glucosamine (NAG) as a standard. NAG present in 0.5 mL of aliquot of supernatant was determined by adding 0.1 ml of K 2 B 4 O 7 and then boiled for 3 min in a water bath.
The tubes were cooled and 3 ml of pdimethylaminobenzaldehyde was added. Absorbance was read within 10 min at 585 nm against the blank prepared with distilled water without the enzyme presence. One unit (U) of chitinase is defined as the amount of enzyme which releases 1 µM N-acetyl-D-glucosamine per hour under the conditions of the study.
Optimization of chitinase production
An optimum level of chitin concentration on chitinase production was determined by amending different concentrations of chitin in a CYS medium. The impact of pH and temperature on chitinase production was investigated by cultivating strain in the CYS medium at various pH (4-9) and temperature (15- 
Assay of chitinolytic activity of partially purified chitinase
Chitinolytic activity of the partially purified enzyme was examined by agar well diffusion method (21) . Enzyme (50 µL) was added to the wells of CYS agar medium plates.
Control was maintained with 50 µL of heat inactivated enzyme. Chitinolytic zones around the wells were observed after 12-24 h of incubation. 
RESULTS AND DISCUSSION

Effect of incubation period on chitinase production
Chitinase production by Streptomyces sp.
The effect of the course of time on chitinase production by the strain is presented in Figure 1 . Chitinase production was initially found after 24 h of incubation and reached maximum levels after 60 h of cultivation. Chitinase synthesis was found to decline as the incubation period further extended. Nawani et al., (18) reported the maximum production of extracellular chitinase by Microbispora sp. V2 after 48 h of incubation which declined subsequently. Nawani and Kapadnis (17) reported that the production of chitinase by Streptomyces sp. NK1057 was high after 5 days of incubation while Joo (9) found that maximum yield of chitinase by Streptomyces halstedii after 72 h of incubation. 
Effect of chitin concentration on chitinase production
Optimal concentration of chitin for maximum chitinase production was studied (Fig. 2) . Culture medium amended with 1% chitin exhibited maximum enzyme activity. It was in confirmity with the finding of Taechowisan et al. 
Impact of pH and temperature on chitinase production
The influence of pH and temperature on chitinase production by the strain is depicted in Figure 3 . Chitinase production varied as medium pH changed between 4 and 9. A high level of chitinase activity was observed in the culture medium with pH 6 and optimum temperature for chitinase production was at 35 o C. In Microbispora sp. V2, the optimum pH and temperature for chitinase production were reported to be 7 and 40 o C (18). Taechowisan et al., (21) reported that the production of chitinase by S. aureofaciens was optimal at pH 6.5-7 and temperature 30-40 o C. Maximum chitinase production by the strain ANU 6277 was observed in 1% chitin amended CYS medium incubated at pH 6 and temperature 35 o C for 60 h.
Influence of different carbon and nitrogen sources on chitinase production
The influence of additional carbon and nitrogen sources Table 1 . Enhanced chitinase production was found in CYS medium amended with 0.2 % starch, while enzyme production was suppressed in the CYS medium with glucose and arabinose. Cellulose and maltose did not influence chitinase production as compared to control. In S. viridificans, chitin medium amended with arabinose with chitin, enhanced the production of chitinase (8) . Joo (9) reported that glucose (0.4 %) along with chitin induced high levels of chitinase by S. halstedii.
Taechowisan et al. (21) found that amendment of pectin, 
Role of fungal biomass on chitinase production
As the fungal cell wall contains chitin as the major Chitinase production by Streptomyces sp. component, chitinase are well known to lyse the cell wall of both live and dead fungi (23) . Utilization of dead mass of F.
oxysporum and P. citrinum by the strain for the chitinase production was studied (Fig. 4) . Little enhancement of chitinase production was observed in CYS medium amended with dried fungal mats over CYS medium. The enzyme production was found to decline when the strain was cultured in CYS medium in which colloidal chitin was replaced by dried fungal mats as chitin source. Beyer and Diekmann (1) reported cell wall degradation of Penicillium chrysogenum by chitinase system of Streptomyces sp. ATCC 11238. An increase in chitinase production was observed from S.
aureofaciens and S. halstedii when cultured in a medium containing colloidal chitin supplemented with fungal cell wall preparations (9, 21). 
Purification of chitinase
The crude extract of enzyme was partially purified by a single-step procedure using Sephadex G-100 gel filtration.
Proteins present in culture filtrate were extracted by ammonium sulphate (80%). Dialyzed protein precipitate was subjected to gel filtration for purification. In the gel filtration, four protein peaks were observed but maximum chitinase activity was detected in the fractions of third peak (Fig.5) .
The purification steps are summarized in Table 3 . Following Sephadex G-100 gel filtration, the purification of the chitinase was increased to 5 fold with over all yields of 46.2 %. Chitinase of Microbispora sp.V2 was purified up to 6-fold with 4.6% recovery using Sephadex G-100 filtration (18) . Purification of crude chitinase from Streptomyces sp. 
